extensively reviewed this association in the last decade. We summarize and compare their findings, as well as relate these to the public health impact, with a particular focus on region-specific drinking patterns and disease tendencies. Our findings show that alcohol intake is strongly linked to the risk of developing cancers of the oral cavity, pharynx, larynx, oesophagus, colorectum (in men), and female breast. The two expert reports diverge on the evidence for an association with liver cancer and colorectal cancer in women, which the IARC grades as convincing, but the WCRF/AICR as probable. Despite these discrepancies, there does, however, not seem to be any doubt, that the Population Attributable Fraction of alcohol in relation to cancer is large. As alcohol intake varies largely worldwide, so does, however, also the Population Attributable Fractions, ranging from 10% in Europe to almost 0% in countries where alcohol use is banned. Given the World Health Organization's prediction, that alcohol intake is increasing, especially in low-and middle-income countries, and steadily high in high-income countries, the need for preventive efforts to curb the number of alcohol-related cancers seems growing, as well as the need for taking a region-and gender-specific approach in both future campaigns as well as future research. The review acknowledges the potential beneficial effects of small doses of alcohol in relation to ischaemic heart disease, but a discussion of this lies without the scope of the present study.
INTRODUCTION
In relation to planning of preventive initiatives against cancer, it is important to map the association between modifiable pISSN 1975-8375 eISSN exposures and their effect on the risk of cancer overall, but specifically also in relation to different sub-sites. Furthermore, for risk-factors with large gender-and region-specific differences in exposure, it is preferable to build campaigns on data acquired from the specific group of interest.
One of the main, modifiable dietary risk-factors for cancer is alcohol. Nearly 2 billion people worldwide consume alcohol regularly, and the average daily consumption has been estimated to 13 g/d approximating one drink [1] . The primary types of alcohol consumed are beer, wine and spirits-in ascending order of alcohol content [2] . Regardless of the form consumed, the International Agency for Research of Cancer (IARC) has classified its content, ethanol, in itself, as well as the first metabolite produced during metabolization in the human body; acetaldehyde, as a "group 1 carcinogen", meaning that it has attained the highest level of evidence for a carcinogenic effect in both humans and animals [3] .
The mechanisms through which alcohol induces cancer are several. A detailed review of these are outside the scope of this review, which will instead focus on the epidemiological association between alcohol and human cancers from observational, epidemiological studies. Briefly, ethanol has a direct effect on the cells where conversion to acetaldehyde occurs; this is primarily the liver cells, where it can induce cirrhosis, but conversion also occurs in the saliva and the large intestine. Ethanol promotes production of highly reactive oxygen species, which can damage DNA, it can alter DNA methylation, and has hormonal effects, including increasing the oestradiol levels, which may affect the risk of breast cancer. Furthermore, ethanol also facilitates uptake of carcinogens from e.g., tobacco smoking in the mouth and throat, thus also increasing the risk of tobacco-induced cancers. It may also propel already existing cancers through immunosuppression, and angiogenesis, and decrease the effect of chemotherapeutics [4] .
The consumption patterns of alcohol vary to a high degree between the different parts of the world, as shown by the World Health Organization (WHO)'s Global Information System on Alcohol and Health, which showed the highest intakes (12.2 L pure alcohol/year per capita) in the Eastern European region, and the lowest in the Eastern Mediterranean region (0.7 L pure alcohol/year per capita) [5] (Figure 1 ) [6] . The intake of alcohol has been suggested to increase with industrialization and urbanization of a country [2] .
This review focuses on the association between alcohol consumption and the risk of those cancers, for which convincing or probable association exists, according to the IARC monograph no. 100E on alcohol and cancer [1] , and the World Cancer Research Fund (WCRF)/American Institute of Cancer Research (AICR) second expert report from 2007 [2] , including its continuous updates [7, 8] : Oral cavity, pharynx, larynx, oesoph- 1 The WCRF/AICR remarks that the difference in grading of evidence in men and women is due to the lower number of studies in women, but also that alcohol seems to assert a stronger effect on colon and colorectal cancer in men compared to women.
agus, colorectum, female breast, and liver (Table 1) [1, 2, 8] . Following a summary and comparison of the findings of these two reports, we relate this to public health impact, with a particular focus on region-specific drinking patterns and disease tendencies.
MATERIALS
The association between alcohol and human cancers have in the last decade been reviewed extensively by two large, health organizations.
The IARC continuously publishes monographs, in which they identify environmental factors, which may increase the risk of developing cancer. Each report is written by a group of selected experts within the topic of the monograph, who review the published evidence, evaluate its weight, and classify the investigated substance as carcinogenic or not, based on evidence from both animal and human studies. The IARC has in the recent years evaluated alcohol as a potential carcinogen in 1988 [9] , in 2010 [3] and most recently in a 2012 report; from which this paper will draw [1] .
The WCRF/AICR published an expert report on food, nutrition, physical activity and cancer in 2007. Here, they reviewed all relevant literature for alcohol (and other dietary factors and physical activity) and cancer and performed meta-analyses of existing data, as well as summarized their findings and published recommendations based on the evidence [2] . The project is now proceeded by a continuous update project, where the evidence is continuously updated and published on their webpage, http://www.dietandcancerreport.org/ [10] . Continuous update reports are available for the following cancers included in this paper: colorectum and breast cancer [7, 8] .
Given the existence of these very extensive literature reviews and meta-analyses in the field of alcohol and cancer, the present study will summarize the findings of these two works in the following paragraphs, and compare their results. Where sound evidence exists from cohort studies, we will focus on these over case-control studies. Subsequently, we will comment on the results and relate them to public health perspectives, focusing specifically on regional patterns and consequences.
The IARC monograph includes also studies on genetic variants and their role on the association between alcohol and cancer. This is a very relevant topic in relation to future public health initiatives, and may possibly also explain some of the regional differences seen, however, as the evidence is currently limited, it is out of the scope of the present paper to include this angle.
RESULTS AND DISCUSSION
Cancer of the Oral Cavity, Pharynx, and Larynx
Cancers of the mouth, pharynx and larynx are the 7th most common cancer and cause of cancer death in the world. However, they show a decreasing tendency. They have a high recurrence rate, and incidence is approximately three times higher in men compared to women. The 5-year survival rate is approximately 50% [2] .
The WCRF/AICR identified 5 cohort studies examining the association between alcohol consumption and the abovementioned cancers, when conducting their study in 2007, and IARC nine studies in 2012. All studies showed an increased cancer risk for the highest intake-group compared to the lowest. The WCRF/AICR could meta-analyse two of the studies, which showed a relative risk per drink/wk of 1.24; 95% confidence interval (CI), 1.18 to 1.30 [2] .
When examining the effect of intensity and duration of alcohol intake, it has been suggested that at relatively high intakes (>60 g/d) the cancer risk is approximately three-fold that of non-drinkers, but that especially for women, the risk starts increasing already at more moderate intakes. Studies are, however, hampered by a low number of women in the highest intakegroups. With regards to effects of alcohol cessation, the time until normalization of the risk is more than 10 years [1] .
Neither the IARC nor the WCRF/AICR suggested different effects across types of alcohol consumed; e.g., beer, wine, or spirits, the IARC did, however, note that the most frequently consumed alcoholic beverage in a population tended to be most strongly related to cancer of the larynx. Both reports suggested a synergistic interaction with tobacco smoking [1, 2] .
Both expert reports judge that the evidence is sufficient to conclude that consumption of alcoholic beverages is causally related to the development of cancer in the oral cavity, larynx and pharynx, and that the risk increases dose-dependently, with no lower threshold identified [1, 2] .
Cancer of the Oesophagus
Cancer of the oesophagus is the 8th most common cancer in the world, and the 6th most common cause of cancer death, as it is most often fatal. There are two common types of oesophageal cancer, squamous cell carcinoma and adenocarcinoma.
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Overall, the incidence of oesophageal cancer seems steady, but there has been an increase in adenocarcinomas of the oesophagus in high-income countries. The disease is twice as common in men as in women [2] . An association with alcohol primarily seem to exist for squamous cell carcinoma [1] .
Cohort studies of alcohol intake and oesophageal cancer overwhelmingly identify an increased risk in the highest intakegroups compared to the lowest [1, 2] . A meta-analysis of 20 case-control studies found an effect size of 1.04 (95% CI, 1.03 to 1.05) per drink/wk. The studies presented high heterogeneity with regards to magnitude of effect, but not direction [2] . The IARC report did not include a meta-analysis, but remarked in relation to the magnitude of effect that several recent studies have consistently found a 3-8 fold increased risk with a high alcohol intake, but that an effect have also been shown at more moderate intakes; with a significant 20% increased risk per 10 g alcohol intake/d. Furthermore there seems to be a cumulative lifetime effect; with a higher risk with a longer duration of drinking, or an earlier age at alcohol debut, but also an effect of cessation with a decrease in risk beginning after 5 years, and approaching the risk of non-drinkers after 15 years [1] .
Neither the IARC nor the WCRF/AICR suggested different effects across different types of alcohol consumed, and both expert reports suggested a synergistic interaction with tobacco smoking [1, 2] .
Both expert reports judge that the evidence is sufficient to conclude that consumption of alcoholic beverages is causally related to the development of oesophageal cancer, primarily squamous cell carcinoma, and that the risk increases dose-dependently, with no lower threshold identified [1, 2] .
Colorectal Cancer
Colorectal cancer is the 3rd most common cancer in the world, and the 4th most common cause of cancer death, and it is fatal in approximately half of all cases. The incidence of colorectal cancer is closely linked to industrialization and urbanization and it shows an increasing tendency in middle and low-income countries. The disease is somewhat more common in men than in women [2] .
The WCRF/AICR report identified 24 cohort studies investigating the association between alcoholic drinks and 13 on ethanol and colorectal cancer, with the vast majority showing an increased risk for the highest intake-groups [2] . In the continuous update report from 2011, a further 15 cohort studies were identified. All papers investigating alcohol as ethanol found an increased risk of colorectal cancer with intake. A meta-analysis of all papers included in the continuous update project found a 10% increased risk of colorectal and rectal cancer and an 8% increased risk of colon cancer per 10 g ethanol/d, which is a slight increase in risk compared to the numbers from the 2007 report. They also found a stronger effect for men than women with the gender-specific increased risks being 11% for men and 7% for women [8] . They ascribe this gender-difference either to the fact that men exhibit a larger spectrum of alcohol intake; allowing easier identification of an association, or that there may be hormone-related differences in alcohol metabolism or susceptibility, which affect the risk [2] .
The IARC investigated studies published after 2010 with the majority of studies showing an increased risk among high vs. low-drinkers and an effect for both colon and rectal cancer separately. They note that some studies find a weaker association for women, but in contrast to the WCRF/AICR report, they conclude that the association overall seems similar for men and women [1] .
They further comment on the dose-response relationship by citing studies finding an effect only above 20 g/d or more of intake, whereas other studies find an effect at a smaller magnitude of intake, such as 1 drink (10 g) per day. They also state that there seems to be no strong association between lifetime exposure to alcohol, frequency of drinking, and age at starting to drink [1] .
Both expert reports conclude that there does not seem to be a difference in effect with type of alcohol consumed [1, 2] .
Both expert reports judge that the evidence is sufficient to conclude that consumption of alcoholic beverages is causally related to the development of colorectal cancer, and that the risk increases dose-dependently. The WCRF/AICR however graduates the judgment saying that it is convincing for men, but probable only for women [1, 2] .
Female Breast Cancer
Breast cancer is the most common cancer and the most common cause of cancer death in women, worldwide, despite being fatal in only under half of all cases. The incidence of breast cancer is, as colorectal cancer, closely linked to industrialization and urbanization. It is thus increasing rapidly in middle and low-income countries. Breast cancer is a hormone-related cancer, and the risk-factors have been found to differ between breast cancers diagnosed in premenopausal and postmenopausal women [2] . The evidence for an effect of alcohol will thus be commented on separately for these two groups, when menopausal-specific evidence exists.
The WCRF/AICR second expert report identified 11 cohort studies examining an association between alcoholic drinks and breast cancer in 2007 [2] . The 2010 continuous update project further found 13 cohort studies on alcoholic drinks and 11 on ethanol intake. A meta-analysis of all studies in the continuous update project showed an 8% increased risk of breast cancer per 10 g ethanol/d [7] . They did not specify on premenopausal and postmenopausal breast cancer, but this was done in the second expert report, where a meta-analysis of the menopausal-specific studies showed a magnitude of effect of 1.09 (95% CI, 1.01 to 1.17) per 10 g ethanol/d for premenopausal women and 1.08 (95% CI, 1.05 to 1.10) per 10 g ethanol/d among postmenopausal women [2] . The 2010 report, however, included a meta-analysis on the association between alcohol and hormone-receptor defined breast cancers, and found that the risk of estrogen receptor positive (ER+) breast cancer increased with 12%, estrogen receptor negative (ER-) with 7%, estrogen and progesterone receptor positive (PR+) breast cancer with 11% and ER+/progesterone receptor negative (PR-) with 15% per 10 g ethanol/d. In contrast, there was no effect on breast cancers which were both estrogen and progesterone receptor negative [7] .
The IARC monograph report on 13 studies published after 2010, of which 8 showed a significant, direct association and five found no significant association [1] . There is limited evidence for an effect of frequency of drinking, age at starting alcohol consumption or cumulative lifetime intake of alcohol, and there seems to be no difference in effect with type of alcohol consumed [1] .
The IARC monograph also evaluated the association between alcohol intake and hormone-receptor specific breast cancer, which has been examined in six cohorts: four found a similar association between ER+ and ER-tumours. In contrast, two studies found positive associations for ER+ and PR+ tumours, but no association with ER-/PR-tumours, which parallels the findings of the WCRF/AICR. There is limited information on the association with triple-negative breast cancers defined by including also human epidermal growth factor receptor 2-status, as these are rather recently available data [1] .
Whereas WCRF/AICR judges that there is evidence that folate status modifies the association between alcohol and breast cancer, so that increased folate intake partially mitigates the risk induced with a high alcohol intake [2] , the IARC report judges, based on studies published after 2007, that the effect of alcohol on breast cancer does not vary with folate intake [1] .
Both expert reports judge that the evidence is sufficient to conclude that consumption of alcoholic beverages is causally related to the development of breast cancer, both premenopausally and postmenopausally, and that the risk increases dose-dependently with no lower threshold identified [1, 2] .
Liver Cancer
Liver cancer is the 6th most common cancer in the world, but the third most common cause of cancer death, as it is almost always fatal. It is much more common in middle and low-income countries compared to high-income countries, with almost half of all cases occurring in China [2] .
The WCRF/AICR expert report identified 15 cohort studies examining the association between total alcoholic drinks and liver cancer; of these, 11 found an increased risk for the highest vs. the lowest intake group. Similarly, they identified 14 cohort studies examining the effect of alcohol as ethanol, of which 10 showed an increased risk among high vs. low drinkers, and a meta-analysis of these studies suggested a relative risk of 1.10 (95% CI, 1.02 to 1.17) per 10 g ethanol/day, with no heterogeneity [2] .
The association between alcohol and liver cancer should be assessed with caution, though, as a number of studies are conducted in high-risk groups, such as participants who already have cirrhosis or other liver diseases. These are often related to a high alcohol intake, but predates a liver cancer, and thus often leads to cessation or a marked reduction in alcohol intake many years before the occurrence of a liver cancer, thus confounding the association between alcohol and liver cancer [1, 2] . It has repeatedly been found that most alcohol-related liver cancers develop following cirrhosis, making quantification of the risk and assessment of a threshold level difficult [11] . Both expert reports also commented, that the main risk factor for liver cancer is infection with hepatitis B or C, but that an association between alcohol and liver cancer has been shown both among people infected with hepatitis-virus as well as those not infected [1, 2] .
Both expert reports judges that the evidence is sufficient to conclude that consumption of alcoholic beverages is a cause of liver cirrhosis, which predisposes to liver cancer [1, 2] . The WCRF/AICR judges that consumption of alcoholic beverages is probably causally related to the development of liver cancer [2] , whereas the IARC concludes that it is causally related to liver cancer [1] . The WCRF/AICR further remarks that the risk increases dose-dependently, and that no lower threshold of effect has been identified [2] .
Comments on the Evidence in Relation to Public Health in a Global Perspective
In general, the strength of evidence for an association between alcohol and cancer risk found in the two expert reports has been strengthened compared to the previous versions [1, 2, 9] . Furthermore, the WCRF/AICR has been updated with a statement that no safe intake below a specific threshold exists, and that it is important to be aware that alcohol is liable to be addictive [2] . From a public health perspective, there is thus ample evidence to suggest, that the worldwide burden of cancer incidence and mortality could be brought down by decreasing alcohol consumption. Alcohol is the dietary item with the strongest and most consistent evidence for a carcinogenic effect, and its effect on global health has grown over the last decades: It was the third leading cause of global disease burden in 2010; compared to only the sixth in 1990 [12] . When considering region-specific numbers, alcohol was the leading risk-factor for disease in Eastern Europe, most of Latin America, and southern sub-Saharan Africa in 2010 [12] . Furthermore, more than 25% of the world's alcohol consumption seems to be unrecorded [13] , most likely making the numbers presented in this paper understatements of the true role of alcohol in cancer.
Moderate alcohol consumption is, however, inversely related to ischaemic heart disease [14] . It is difficult to balance the number of deaths prevented and caused by alcohol, as this depends on the burden of cardiovascular disease vs. cancer, the age-distribution, and the drinking pattern of the population examined. The estimates will therefore vary greatly between regions. Worldwide, however, it has been estimated that the numbers of heart diseases prevented vs. caused by alcohol results in an excess of 268 000 deaths [15] .
The global burden of alcohol amounts to 3.8% of all deaths (6.3% for men and 1.1% for women) [13] . For several disease categories, the effect is stronger on mortality, compared to morbidity [14] . The proportion of cancers attributable to alcohol worldwide is 3.6% [16] , and the proportion of cancer deaths is 3.5% to 5% [16, 17] . However, this covers a substantial geographical variation: In Europe, the burden of cancer incidence attributable to alcohol intake has been estimated to 10% (95% CI, 7 to 13), with large variation between the subsites; the largest effect being on upper aerodigestive tract cancers [18] . In low-and middle-income countries, the cancer incidence attributable to alcohol is lower; e.g., a recent study from South Korea found a Population Attributable Fraction of 3% of incident cancers among men and 0.5% among women [19] . Figure 2 presents the Population Attributable Fraction for Korean men and women, including the number of cancer subsites ascribed to alcohol-intake [19] . The discrepancy between the relatively low population attributable fraction here, and the high consumption of alcohol in South Korea in 2010 as assessed by the WHO (Figure 1 ) [6] , could be explained by a latency time before the effects of alcohol can be seen on cancer incidence; the proportion of teetotallers in the Korean population has been steadily declining over the last decades, suggestion that the population attributable fraction may go up in the coming years [19] .
Regardless of country, there is a large variation in the magnitude and type of alcohol-related cancers between men and women. The estimated 3.6% of cancers attributable to alcohol worldwide is unevenly split with 5.2% for men and 1.7% for women [16] , reflecting the gender-specific consumption-pattern with a higher alcohol consumption and more heavy drinking occasions for men compared to women, both in high-and low-income countries [13, 20] . This is exemplified by the alcohol-attributable burden of cancer in 10 of the world's most populous countries as shown in Table 2 [13] . For all countries, the burden of cancer is larger among men compared to women. However, the difference varies greatly; being very small in Germany (9% vs. 8%), whereas in India it is 0% for women compared to 7% for men; and in Thailand it is fourfold among men compared to women. The primary alcoholrelated cancer in women is breast cancer, whereas for men it is cancer of the oral cavity, pharynx, and oesophagus [16] . It seems that the importance of alcohol as a human carcinogen is generally underestimated at the public level; according to the WHO, the consumption is steadily high in the European and American region, with 20% of all countries showing an increasing tendency. The African countries show a more mixed tendency, but there is a worrying trend of an increasing consumption in several low-and middle-income countries in South-East Asia and the Pacific Region, most likely as a result of the economic development [13, 21] . If the current increase in drinking patterns in low-and middle-income countries continues, this translates to a 3.6% increase in total cancer incidence [22] . Also in the changing drinking patterns of the lowand middle-income countries, a gender-specific effect is seen, with the increase primarily carried by men, suggesting that the future cancer burden of these countries will see a considerable increase in upper aerodigestive tract and colorectal cancers, rather than breast cancer [22] . Furthermore, several studies have shown that people with the lowest income or education are often those with the highest alcohol intake; thus contributing further to the social inequality in the burden of cancer [23] [24] [25] .
The tendency of increasing intake in the Asia/Pacific region is in contrast to the fact that most cohort studies on alcohol intake and the cancers included in this review have been conducted in the USA, Western Europe and Japan [1] . More research in developing countries is required in order to tailor public health initiatives and legislation to the specific patterns of alcohol consumption and cancer incidence of these regions. The burden of cancer is shifting to become a disease of the low-and middle-income countries also, due to the epidemiological transition with a move from infectious to lifestyle-related diseases, brought on by industrialization, an increasing standard of living, adoption of a 'western' lifestyle, and an increase in life expectancy [22] . In 2012, an estimated 57% of all new cancers and 65% of all cancer deaths occurred in less developed countries [26] . This is an increasing proportion since 2008 [27] . At the same time, many of the developing countries have health-care systems incapable of handling the increasing pressure of lifestyle-related diseases. Together with the fact that the advances in cancer treatment has not been as promising as the advances in treatment of other chronic diseases, this underscores the need for preventive initiatives against the main causes of cancer [17] . The types of public health initiatives required are beyond the scope of the present study, but we refer to [28, 29] for a discussion of the policy implications in a global perspective.
The WCRF/AICR expert report included a specific public health recommendation. "Limit alcoholic drinks", with the public health goal to reduce the proportion of the population drinking more than the recommended limits by one third every 10 years. They acknowledge the fact that evidence from cardiovascular epidemiology has found reduction on the risk of coronary heart disease with a modest consumption of alcohol, and thus the public health recommendation is aimed at those consuming above the recommended intakes, rather than those with a modest consumption ( Figure 3 ) [2] . It has been shown, that a substantial proportion of cancer cases are attributable to alcohol consumption above the recommended intakes, rather than a moderate intake [18] . A worrying tendency from a public health perspective is the increasing tendency towards binge-drinking (consumption of 5+ drinks on the same occasion) in many countries, especially among the younger population [23, 30, 31] , which is in direct disregard with the recommendations of keeping intake below the recommended limits-in many countries approximately 1 drink per day for women and 2 for men. The alcohol drinking pattern thus also needs attention in future studies [14] and public health campaigns, to make the public aware of the harmful effects of binge-drinking.
CONCLUSION
In conclusion there is strong and consistent evidence for an association between alcohol consumption and cancers of the oral cavity, pharynx, larynx, oesophagus, colorectum (in men), and breast in both expert reports. Furthermore, the IARC report claims also strong evidence for an association with colorectal cancer in women and liver cancer, whereas the WCRF/AICR grades this evidence as probable. Regardless of these minor discrepancies, public health initiatives and legislation addressing alcohol intake seems necessary to prevent cancer incidence and mortality worldwide, as alcohol contributes to approximately 3.6% of cancer incidence and 3.5% to 5% of cancer mortality. However, there is a very large variation in the Population Attributable Fraction of cancers caused by alcohol worldwide. Epidemiological studies focusing specifically on low and middle-income countries are required, as the evidence from these countries is limited compared to studies in high-income countries, and as there seems to be an increasing trend in alcohol intake here. The present review acknowledges the potential beneficial effects of small doses of alcohol in relation to ischaemic heart disease, but a discussion of this lies without the scope of the study. 
Public health goal
Proportion of the population drinking more than the recommended limits to be reduced by one third every 10 years 1,2
Personal recommendation
If alcoholic drinks are consumed, limit consumption to no more than two drinks a day for men and one drink a day for women 1-3 1 This recommendation takes into account that there is a likely protective effect for coronary heart disease. 2 Children and pregnant women not to consume alcoholic drinks. One 'drink' contains about 10-15 grams of ethanol.
